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A si1gnal processing circuit includes a PLL circuit configured
to lock to a frequency contained 1n an 1nput signal, a signal
generating circuit configured to detect a direct-current com-
ponent of a signal that 1s obtained by shifting frequencies of
the 1put signal by a displacement equal to the locked fre-
quency, and to generate a signal that has an amplitude respon-
stve to the detected direct-current component and that has the
same frequency and phase as a signal component of the
locked frequency of the input signal, and a subtraction circuit
configured to subtract the signal generated by the signal gen-
erating circuit from the input signal.
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SIGNAL PROCESSING CIRCUIT AND
METHOD

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

The present application 1s based upon and claims the ben-
efit of prionity from the prior Japanese Patent Application No.
2013-012162 filed on Jan. 25, 2013, with the Japanese Patent
Office, the entire contents of which are incorporated herein by
reference.

FIELD

The disclosures herein generally relate to signal processing
circuits, and particularly relate to a signal processing circuit
used 1n a recerver apparatus.

BACKGROUND

In a receiver used 1n communication systems, an interfer-
ence signal (1.e., spurious signal) that i1s different from the
transmitted signal may be mixed 1n the received signal. The
spurious signal may emanate from another equipment, or may
emanate from another signal source (e.g., clock system) situ-
ated in the recerver. The fact that quality of the recerved signal
degrades due to the spurious signal may necessitate reduction
ol the effect of a spurious signal. A spurious signal 1s often an
unmodulated wave signal or a narrowband modulated signal.
Once the frequency position of the spurious signal 1s detected,
the spurious signal may be reduced by suppressing the signal
component at the detected frequency position.

A PLL (phase locked loop) circuit may lock to an unmodu-
lated or narrowband modulated wave component mixed in a
received signal, thereby detecting the frequency position of a
spurious signal. A signal recerved by an antenna 1s converted
into a received baseband digital signal by an RF circuit and an
ADC (1.e., analog-to-digital converter). In the case of the
position of the spurious frequency being roughly known, a
PLL circuit 1s oscillated at this frequency position to supply
the generated sinusoidal wave signal to a rotor. The rotor
shifts the entirety of frequencies of the received digital signal
such that the spurious frequency 1s situated at around O Hz,
with the PLL circuit locking to the spurious frequency. The
shifted received digital signal 1s supplied to a loop filter,
which then generates a direct-current offset component
responsive to the magnitude of the spurious signal. Subtrac-
tion ol the direct-current offset component from the Ire-
quency-shifted recerved digital signal prior to being supplied
to the loop filter serves to remove the spurious component.
The recerved digital signal from which the spurious compo-
nent 1s removed 1s 1nput into a reverse rotor, which shifts the
entirety of frequencies in an opposite direction to bring them
back to the original frequency band. Decoding in accordance
with the employed communication system 1s then performed
with respect to the received digital signal.

In the case of the spurious frequency being not known, a
frequency sweeper controls the NCO (1.e., numerically con-
trolled oscillator) of the PLL circuit to gradually change the
oscillating frequency. The sinusoidal wave signal generated
by the NCO 1s supplied to the rotor and the reverse rotor.
When the frequency specified by the frequency sweeper 1s
situated near the spurious frequency, the loop filter of the PLL
circuit outputs a direct-current oifset component. The NCO 1s
oscillated 1n response to the output of the loop filter, so that
the PLL circuit locks to the spurious signal. As a result, the
NCO can continuously supply a sinusoidal wave signal syn-
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2

chronized with the frequency and phase of the spurious signal
to the rotor and the reverse rotor.

In the above-noted configuration, the signal waves are sub-

jected to the frequency shiit and reverse frequency shiit that

are provided by the rotor and the reverse rotor, respectively.
Such shiits are made by using a limited number of bits rep-
resenting the digital signals, resulting 1n a slight degradation
of the signal waves due to the shift processes. When there 1s
only one spurious wave, one frequency shift operation and
one reverse frequency shift operation are all that 1s necessary.
Degradation of signal waves 1n this case thus has only a small
eifect on the quality of recerved signals. When there are a
plurality of spurious waves, however, frequency shift opera-
tions and reverse frequency shift operations as many as the
number of spurious waves are performed. In such a case, the
degradation of signal waves can no longer be 1ignored, result-
ing in degradation 1n the quality of received signals.
[Patent Document 1] Japanese Laid-open Patent Publication
No. 2009-188602
[Patent Document 2] Japanese Laid-open Patent Publication
No. 2010-226512

SUMMARY

According to an aspect of the embodiment, a signal pro-
cessing circuit includes a PLL circuit configured to lock to a
frequency contained 1n an mput signal, a signal generating
circuit configured to detect a direct-current component of a
signal that 1s obtained by shifting frequencies of the input
signal by a displacement equal to the locked frequency, and to
generate a signal that has an amplitude responsive to the
detected direct-current component and that has the same fre-
quency and phase as a signal component of the locked ire-
quency of the mput signal, and a subtraction circuit config-
ured to subtract the signal generated by the signal generating
circuit from the mnput signal.

The object and advantages of the embodiment will be
realized and attained by means of the elements and combina-
tions particularly pointed out 1n the claims. It 1s to be under-
stood that both the foregoing general description and the
tollowing detailed description are exemplary and explanatory
and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a drawing illustrating an example of the configu-
ration of a signal processing circuit;

FIG. 2 1s a drawing illustrating a variation of the signal
processing circuit;

FIG. 3 1s a drawing 1llustrating an example of the configu-
ration of a rotor;

FIG. 4 1s a drawing 1llustrating an example of the configu-
ration of a reverse rotor;

FIG. 5 1s a drawing illustrating an example of the configu-
ration of a loop filter;

FIG. 6 1s a drawing illustrating a variation of the signal
processing circuit;

FIG. 7 1s a drawing 1illustrating the gain control of a
received signal in a recerver of a communication system; and

FIG. 8 1s a drawing illustrating an example of the configu-
ration of a signal processing circuit provided with a gain
adjustment function.

DESCRIPTION OF EMBODIMENTS

In the following, embodiments of the mvention will be
described with reference to the accompanying drawings.
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FIG. 1 1s a drawing 1llustrating an example of the configu-
ration of a signal processing circuit. The signal processing
circuit illustrated 1n FI1G. 1 serves to process a recerved signal
1n a receiver ol a communication system. A description of the
signal processing circuit will be given by using a receiver as
an example 1n the following description. However, applica-
tion of the signal processing circuit disclosed herein 1s not
limited to a recerver of a communication system.

The s1gnal processing circuit 10 includes an RF circuit 11,
an AD converter (ADC) 12, a PLL circuit 13, a spurious
cancel circuit 14, and a decoding circuit 15. The PLL circuit
13 includes a rotor 21, a loop filter 22, and an NCO 23. The
spurious cancel circuit 14 includes a rotor 23, a loop filter 26,
a reverse rotor 27, and a subtraction circuit 28.

In FIG. 1 and the subsequent drawings, boundaries
between circuit blocks 1llustrated as boxes basically indicate
functional boundaries, and may not correspond to separation
in terms of physical positions, separation i terms of electrical
signals, separation in terms of control logic, etc. Each circuit
block may be a hardware module that 1s physically separated
from other blocks to some extent, or may indicate a function
in a hardware module 1n which this and other blocks are
physically combined together.

A signal received by an antenna 5 1s supplied to the RF
circuit 11. The RF circuit 11 converts the received signal
supplied from the antenna into a baseband signal, which 1s
then output therefrom. The AD converter 12 converts the
baseband recetved signal output from the RF circuit 11 into a
digital signal.

The PLL circuit 13 locks to a certain frequency of the input
signal (1.e., digital baseband received signal). Specifically, the
NCO 23 for generating an oscillating signal (1.€., a sinusoidal
wave signal) oscillates at an initial position that 1s near the
frequency position of a spurious frequency, which may be
known. The rotor 21 (1.e., frequency shiit circuit) shifts the
entirety of frequencies of the input signal such that the fre-
quency position at which the NCO 23 oscillates becomes the
direct current component. Namely, the mput signal 1s fre-
quency-shifted by a displacement equal to the frequency of
the oscillating signal of the NCO 23. The loop filter 22
receives the output of the rotor 21. The loop filter 22 integrates
the shifted input signal to detect the direct current component
of the shifted input signal, and supplies the integrated value to
the NCO 23 as a feedback. Based on the feedback value, the
NCO 23 adjusts its oscillating frequency to generate an oscil-
lating signal responsive to the output of the loop filter 22,
thereby locking to the unmodulated or narrowband modu-
lated wave (1.e., spurious signal) situated close to the initial
position. With this arrangement, the rotor 21 shifts the
entirety of frequencies of the received signal so that the
locked frequency (1.e., spurious frequency) becomes a direct
current component.

The spurious cancel circuit 14 recerves the sinusoidal wave
signal generated by the NCO 23 of the PLL circuit 13, and
subtracts a signal responsive to the sinusoidal wave signal
from the mput signal to remove the spurious signal. The
decoding circuit 15 receives the digital baseband recerved
signal from which the spurious signal 1s removed by the
spurious cancel circuit 14, and performs a decoding process
on the recerved signal 1n accordance with the employed com-
munication method.

The spurious cancel circuit 14 includes a signal generating,
circuit and the subtraction circuit 28. The signal generating
circuit includes the rotor 235, the loop filter 26, and the reverse
rotor 27. The signal generating circuit detects a direct-current
component of the signal that 1s obtained by shifting the fre-
quencies of the input signal by a distance equal to the locked
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frequency, thereby generating a signal that has an amplitude
responsive to the direct-current component and that has the
same frequency and phase as the locked frequency compo-
nent of the input signal. To be specific, the NCO 23 of the PLL
circuit 13 supplies to the rotor 25 an oscillating signal (i.e.,
sinusoidal wave signal) having the same frequency and phase
as the locked frequency component of the input signal. Based
on the sinusoidal wave signal generated by the NCO 23 of the
PLL circuit 13, the rotor 25 (1.e., first frequency-shift circuit)
shifts the frequencies of the iput signal (1.e., shifts the
entirety of frequencies of the input signal) by a displacement
equal to the frequency to which the PLL circuit 13 locks. The
loop filter 26 that recerves the output of the rotor 235 integrates
the frequency-shifted signal to detect the direct-current com-
ponent of the frequency-shifted signal. The magnitude of this
direct-current component 1s responsive to the amplitude of
the spurious component.

Based on the oscillating signal of the NCO 23 of the PLL

circuit 13, the reverse rotor 27 (1.e., second frequency-shiit
circuit) shiits the frequencies of the output of the loop filter 26
by a displacement equal to the locked frequency. In this
manner, based on the sinusoidal wave signal generated by the
NCO 23 of the PLL circuit 13, the reverse rotor 27 generates
a signal that has an amplitude responsive to the direct-current
component and that has the same frequency and phase as the
locked frequency component of the mnput signal. The subtrac-
tion circuit 28 subtracts the signal generated by the signal
generating circuit from the mput signal, thereby removing the
spurious component. Each of the rotor 25 and the reverse
rotor 27 1s a mixer that multiplies a target signal by the
sinusoidal wave signal generated by the NCO 23, thereby
shifting frequencies by multiplication.
The spurious cancel circuit 14 illustrated 1n FIG. 1 sub-
tracts the sinusoidal wave signal equivalent to the spurious
signal from the digital baseband received signal supplied
from the AD converter 12 to remove the spurious signal. In
this processing, the signal component corresponding to the
spurious frequency, among all the signal components of the
digital baseband received signal supplied from the AD con-
verter 12, 1s processed, while all the remaining frequency
components are unprocessed and supplied to the decoding
circuit 15. Namely, processing such as the shifting of frequen-
cies 1s not performed with respect to all the frequency com-
ponents excluding the spurious frequency. The digital base-
band recerved signal supplied to the decoding circuit 15 1s
thus not deteriorated compared with the digital baseband
received signal supplied from the AD converter 12.

FIG. 2 1s a drawing illustrating a variation of the signal
processing circuit 10. The signal processing circuit 10A illus-
trated 1 FIG. 2 has a configuration in which a spurious
detecting circuit 31 and a frequency sweeper circuit 32 are
added to the signal processing circuit 10 1llustrated in FIG. 1.
Other configurations are the same between the signal process-
ing circuit 10A illustrated in FIG. 2 and the signal processing
circuit 10 1llustrated 1n FIG. 1.

In the case of a spurious frequency being known, the signal
processing circuit 10 illustrated 1n FIG. 1 successiully
removes the spurious signal.

In the case of a spurious frequency being unknown, the
frequency sweeper circuit 32 1llustrated in FI1G. 2 controls the
oscillating frequency of the NCO 23 so as to gradually chang
the frequency within the frequency band of an expected
received signal. That 1s, the frequency sweeper circuit 32
controls the NCO 23 of the PLL circuit 13 to gradually change
the frequency of 1ts oscillating signal. The NCO 23 oscillates
at oscillating frequency responsive to a numerical value sup-
plied thereto. The frequency sweeper circuit 32 gradually
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increases or decreases the numerical value supplied to the
NCO 23, thereby increasing or decreasing the oscillating
frequency.

The sinusoidal wave signal generated by the NCO 23 1s
supplied to the rotors 21 and 25 as well as to the reverse rotor
27. As the frequency specified by the frequency sweeper
circuit 32 comes close to a spurious frequency, a direct-
current component appears in the iput signal whose frequen-
cies are shifted by the rotor 25, with this direct-current com-
ponent appearing in the output of the loop filter 26. In
response to the occurrence of a loop-filter output being larger
than a predetermined threshold, the spurious detecting circuit
31 asserts a detection signal to the frequency sweeper circuit
32. In response to the assertion of the detection signal, the
frequency sweeper circuit 32 maintains the currently output-
ting numerical value as its output. The PLL circuit 13 operates
in this state, so that the NCO 23 oscillates inresponse to a sum
or the like of the numerical value supplied from the frequency
sweeper circuit 32 and a numerical value output from the loop
filter 22. Adjustment of the oscillating frequency of the NCO
23 according to the feedback operation of the PLL circuit 13
results 1n the PLL circuit 13 locking to the spurious frequency.
In this locked state, the NCO 23 of the PLL circuit 13 gener-
ates a sinusoidal wave signal having the same frequency and
phase as the spurious signal contained 1n the iput signal.

FIG. 3 1s a drawing 1llustrating an example of the configu-
ration of a rotor. Each of the rotors 21 and 23 1llustrated in
FIG. 1 may have the circuit configuration illustrated in FIG. 3.

The rotor includes multipliers 41 through 45 and adders 46
and 47. A signal mput into the rotor includes an in-phase
component InDatalch and a quadrature component
InDataQch. The oscillating signal of the NCO 23 includes an
in-phase component NCOIch and a quadrature component
NCOQch. The rotor illustrated in FIG. 9 processes each sig-
nal as a complex signal, and calculates a product of the input
signal and the complex conjugate of the oscillating signal of
the NCO.

FI1G. 4 1s a drawing 1llustrating an example of the configu-
ration of a reverse rotor. The reverse rotor includes multipliers
51 through 35 and adders 56 and 57. A signal input into the
reverse rotor includes an m-phase component InDatalch and
a quadrature component InDataQ)ch. The oscillating signal of
the NCO 23 includes an in-phase component NCOIch and a
quadrature component NCOQch. The rotor illustrated in FIG.
4 processes each signal as a complex signal, and calculates a
product of the mput signal and the oscillating signal of the
NCO.

FIG. 5 1s a drawing 1llustrating an example of the configu-
ration of a loop filter. Each of the loop filters 22 and 26
illustrated in FIG. 1 may have the circuit configuration 1llus-
trated in FI1G. 5.

The loop filter includes a multiplier 61, an adder 62, and a
delay element 63. The multiplier 61 multiplies the input value
by a predetermined coelficient o that satisfies the condition of
0<a<1. The value of the coellicient o controls the passband of
the loop filter. The adder 62 adds the output of the multiplier
61 to the output of the adder 62 that 1s output 1n the 1mmedi-
ately preceding cycle. The delay element 63 delays the output
of the adder 62 by one cycle. The output of the delay element
63 serves as the output of the loop filter.

In the case of the loop filter 26 illustrated in FIG. 1, the
output of the loop filter changes (1.¢., increases or decreases)
from the mnitial value *“0” step by step by each step value equal
to aX 1n response to the mput X of the loop filter that has a
magnitude responsive to the amplitude of the spurious signal.
With the output of the loop filter being equal to a level that
exactly cancels the spurious signal, the input X of the loop
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filter 1s equal to zero, so that the output of the loop filter 1s
maintained at a constant value, which results in the removal of
the spurious signal. Upon a subsequent change in the ampli-
tude of the spurious signal, the output of the loop filter
changes accordingly. The output of the loop filter 1s then
teedback-controlled such that the output of the loop filter
becomes a level that exactly cancels the spurious signal.

In the case of the loop filter 22 1llustrated 1n FIG. 1, a value
that becomes zero when the oscillating signal of the NCO 23
and the spurious signal have the same frequency and phase,
¢.g., the quadrature component of the output of the rotor 21,
may be used as the input into the loop filter. In response to the
iput Y of the loop filter, the output of the loop filter changes
(1.e., increases or decreases) from the mitial value “0” step by
step by each step value equal to &Y. Upon the oscillating
signal of the NCO 23 responsive to the output of the loop filter
being adjusted to have the same frequency and phase as the
spurious component, the mput Y of the loop filter becomes
zero, resulting 1n the output of the loop filter being maintained
at a constant value. The PLL circuit thus locks to the spurious
component. Upon a subsequent change 1n the frequency or
phase of the spurious signal, the output of the loop filter
changes accordingly. The output of the loop filter 1s then
teedback-controlled such that the output of the loop filter
becomes a level that achieves locking to the spurious signal.

FIG. 6 1s a drawing 1llustrating a variation of the signal
processing circuit. The signal processing circuit illustrated in
FIG. 6 removes spurious signals by use of a plurality of
spurious cancel circuits connected 1n series when the spurious
signals having different frequencies are included 1n a signal.

The signal processing circuit 1llustrated in FIG. 6 includes
the RF circuit 11, the AD converter 12, the spurious detecting
circuit 31, the frequency sweeper circuit 32, PLL circuits 71
through 73, spurious cancel circuits 74 through 76, and a
spurious position memory 77. Each of the PLL circuits 71
through 73 may have the same configuration as the PLL
circuit 13 illustrated 1n FIG. 1. Each of the spurious cancel
circuits 74 through 76 may have the same configuration as the
spurious cancel circuit 14 1llustrated 1n FIG. 1. In the signal
processing circuit illustrated 1n FIG. 6, the spurious detecting
circuit 31 and the frequency sweeper circuit 32 are shared by
a plurality of sets each including a PLL circuit and a spurious
cancel circuit, rather than provided for each set including a
PLL circuit and a spurious cancel circuit. A set of a PLL
circuit and a spurious cancel circuit 1s regarded as a spurious
removal circuit. A plurality (three 1n this example) of spurious
removal circuits (71, 74), (72, 75), and (73, 76) are connected
in series. The frequency sweeper circuit 32 1s connected to the
spurious removal circuit (71, 74) that 1s one of the plurality of
spurious removal circuits. The frequency sweeper circuit 32
and the spurious cancel circuit 74 detect a plurality of fre-
quency components that are to be removed by the spurious
cancel circuits 74 through 76.

The frequency sweeper circuit 32 gradually changes (1.e.,
increases or decreases) the oscillating frequency of the NCO
of the PLL circuit 71. When the frequency specified by the
frequency sweeper circuit 32 comes close to a first spurious
frequency, the output of the loop filter 1n the spurious cancel
circuit 74 exceeds a predetermined threshold. Upon the
occurrence of the loop-filter output being larger than the
predetermined threshold, the spurious detecting circuit 31
stores the current output value (1.¢., first spurious position) of
the frequency sweeper circuit 32 1n the spurious position
memory 77.

The frequency sweeper circuit 32 then continues to gradu-
ally change (1.e., increases or decreases) the oscillating fre-
quency of the NCO of the PLL circuit 71 from the oscillating
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frequency that 1s observed at the time the loop-filter output
larger than the predetermined threshold appears as described
above. When the frequency specified by the frequency
sweeper circuit 32 comes close to a second spurious ire-
quency, the output of the loop filter 1n the spurious cancel
circuit 74 exceeds a predetermined threshold. Upon the
occurrence of the loop-filter output being larger than the
predetermined threshold, the spurious detecting circuit 31
stores the current output value (i.e., second spurious position )
of the frequency sweeper circuit 32 1n the spurious position
memory 77.

Similarly, the frequency sweeper circuit 32 further changes
the oscillating frequency of the NCO of the PLL circuits 71
through 73, so that the frequency specified by the frequency
sweeper circuit 32 comes close to a third spurious frequency.
In response, the output of the loop filter of the spurious cancel
circuit 74 exceeds the predetermined threshold, which causes
the current output value (i.e., third spurious position) of the
frequency sweeper circuit 32 to be stored in the spurious
position memory 77.

In the manner described above, frequency 1s gradually
changed within the expected frequency band of a recerved
signal, and the spurious positions are stored 1n the spurious
position memory 77. In so doing, the magnmitudes of the output
values of the loop filter that exceed the predetermined thresh-
old may be taken into account, and the spurious positions
corresponding to these output values may be stored in
memory as arranged 1n an ascending order of the magnitudes.
Alternatively, the magnitudes of the output values of the loop
filter that exceed the predetermined threshold may be taken
into account, and the spurious positions corresponding to a
predetermined number of largest output values (e.g., three in
the configuration illustrated in FIG. 6) may be stored in
memory.

In the following, a description will be given of a case in
which components are removed at three spurious positions
(1.e., the first through third spurious positions) in the ascend-
ing order of the outputs of the loop filter. The first spurious
position read from the spurious position memory 77 1s sup-
plied to the NCO of the PLL circuit 71, thereby causing the
NCO to oscillate around the first spurious frequency. The PLL
circuit 71 operates, so that the NCO oscillates 1in response to
a sum or the like of the numerical value supplied from the
frequency sweeper circuit 32 and a numerical value output
from the loop filter of the PLL circuit 71. Adjustment of the
oscillating frequency of the NCO according to the feedback
operation of the PLL circuit 71 results in the PLL circuit 71
locking to the first spurious frequency. In this locked state, the
NCO of the PLL circuit 71 generates a sinusoidal wave signal
having the same frequency and phase as the first spurious
signal contained 1n the input signal. Based on this sinusoidal
wave signal, the spurious cancel circuit 74 removes the first
spurious frequency from the mput signal.

Similarly, the second spurious position read from the spu-
rious position memory 77 1s supplied to the NCO of the PLL
circuit 72, thereby causing the NCO to oscillate around the
second spurious frequency. Adjustment of the oscillating fre-
quency of the NCO according to the feedback operation of the
PLL circuit 72 results in the PLL circuit 72 locking to the
second spurious frequency. In this locked state, the NCO of
the PLL circuit 72 generates a sinusoidal wave signal having,
the same frequency and phase as the second spurious signal
contained in the input signal. Based on this sinusoidal wave
signal, the spurious cancel circuit 75 removes the second
spurious {requency from the mput signal.

Similarly, the third spurious position read from the spuri-
ous position memory 77 1s supplied to the NCO of the PLL
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8

circuit 73, thereby causing the NCO to oscillate around the
third spurious frequency. Adjustment of the oscillating fre-
quency of the NCO according to the feedback operation of the
PLL circuit 73 results in the PLL circuit 73 locking to the third
spurious frequency. Based on the sinusoidal wave signal gen-
crated by the NCO of the PLL circuit 73 1n the locked state,
the spurious cancel circuit 76 removes the third spurious
frequency from the input signal.

FIG. 7 1s a drawing illustrating the gain control of a
received signal 1 a receiver of a communication system.
Depending on the communication protocol used in a commu-
nication system, a signal may be transmitted periodically
rather than transmitted as a temporally continuous signal. In
such a case, the recerved signal takes a form of a burst signal
having a signal value that appears periodically. The wavetform
of the power of this signal may be represented by a recerved
burst signal power 82 1llustrated 1n FIG. 7-(a).

On the other hand, a spurious signal may emanate from
another equipment, or may emanate from another signal
source (e.g., clock system) situated 1n the receiver, so that the
spurious signal usually takes a form of an unmodulated signal
or a narrow-band modulated signal. Accordingly, the power
ol a spurious signal usually has an approximately constant
value 1n time as illustrated as a spurious power 81 1n FIG.
7-(a).

In a recerver of a communication system, an AGC (1.e.,
automatic gain control unit) of the RF circuit performs auto-
matic gain control to make the magnitude of the received
signal equal to a proper constant value 1n order to dynamically
cope with changes in signal attenuation occurring in the
propagation path. This automatic gain control ensures that the
magnitude of the recerved signal 1s set to a proper signal level
in consideration of the dynamic range of an AD converter that
performs AD conversion on the signal processed by the RF
circuit. A gain wavetorm 83 1llustrated in FIG. 7-(b) repre-
sents the magnitude of the gain set by the AGC with respect to
the recerved signal having the burst signal power 82 illus-
trated 1n FIG. 7-(a). The gain waveform 83 assumes a rela-
tively small value at positions where the burst signal power 82
1s relatively strong, and assumes a relatively large value at
positions where the burst signal power 82 1s relatively small.

FIG. 7-(¢) 1llustrates a spurious power 84 that 1s obtained
by gain control performed by the AGC according to the gain
wavelorm 83 when a spurious signal having the spurious
power 81 (FIG. 7-(a)) 1s mixed 1n the recerved signal having
the burst signal power 82 (FIG. 7-(a)). In automatic gain
control, the spurious power 81 having a constant magnitude 1s
multiplied by the gain wavetform 83. As a result, the spurious
power 84 obtained by the gain control ends up having large
fluctuation as illustrated in FIG. 7-(¢).

In the signal processing circuit illustrated in F1G. 1, FIG. 2,
and FIG. 6, 1t 1s difficult for the PLL circuits to follow an mnput
signal that has an amplitude with large fluctuation Further, it
1s also difficult for the spurious cancel circuits to remove a
spurious signal by properly following the input signal that has
an amplitude with large fluctuation.

FIG. 8 1s a drawing 1llustrating an example of the configu-
ration of a signal processing circuit provided with a gain
adjustment function. This signal processing circuit 1s pro-
vided with a gain adjustment function for canceling a gain
change made by automatic gain control such that a spurious
signal 1s properly removed in a recetver which performs auto-
matic gain control. The signal processing circuit illustrated in
FIG. 8 includes the RF circuit 11, the AD converter 12, a
division circuit 91, the spurious cancel circuit 14, a multipli-
cation circuit 92, and the decoding circuit 15. The PLL circuit
13 1s omitted from illustration in FIG. 8. Similarly to the
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configuration 1illustrated in FIG. 1, the PLL circuit 13 that
supplies a sinusoidal wave signal to the rotor 25 and reverse
rotor 27 of the spurious cancel circuit 14 may be provided.

The RF circuit 11 includes an AGC circuit 90. The AGC
circuit 90 performs automatic gain control for controlling the
gain of a recerved signal 1n response to the signal level of the
received signal. The gain value (1.e., AGC gain) by which the
AGC circuit 90 multiplies the recerved signal 1s supplied from
the AGC circuit 90 to the division circuit 91 and the multipli-
cation circuit 92. The division circuit 91 divides the digital
baseband recerved signal AD-converted by the AD converter
12 by the gain value (1.e., AGC gain) supplied from the AGC
circuit 90, thereby canceling the gain control performed by
the automatic gain control. In this manner, the digital base-
band recerved signal having a controlled gain 1s divided by the
gain to generate a signal mput into the PLL circuit and the
spurious cancel circuit 14.

FI1G. 7-(d) illustrates a spurious power 85 that 1s contained
in the digital baseband received signal 1n which gain control
1s cancelled. Dividing the digital baseband received signal by
the gain value (1.e., AGC gain) supplied from the AGC circuit
90 restores the constant amplitude of the spurious signal, so
that the spurious power 85 has a constant power.

Referring to FIG. 8 again, the digital baseband received
signal 1n which gain control i1s cancelled by the division
circuit 91 1s supplied to the PLL circuit 13 (see FIG. 1) and to
the spurious cancel circuit 14. The digital baseband received
signal 1n which gain control 1s cancelled has an almost con-
stant spurious power. Similarly to the signal processing cir-
cuit 1llustrated 1n FIG. 1, the PLL circuit 13 and the spurious
cancel circuit 14 can thus properly remove the spurious sig-
nal. The multiplication circuit 92 multiplies the digital base-
band received signal having the spurious signal thereof
removed by the spurious cancel circuit 14 by the gain value
(1.e., AGC gain) supplied from the AGC circuit 90, thereby
making automatic gain control effective again. The decoding,
circuit 13 recerves the digital baseband received signal from
which the spurious signal 1s removed by the spurious cancel
circuit 14 and for which automatic gain control 1s enabled by
the multiplication circuit 92, and performs a decoding process
on the digital baseband received signal 1n accordance with the
employed communication method.

According to at least one embodiment, the signal process-
ing circuit removes a spurious signal without shifting the
frequencies of a signal wave.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiment(s) of the
present inventions have been described 1n detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the imvention.

What 1s claimed 1s:

1. A signal processing circuit, comprising:

a PLL circuit configured to lock to a frequency contained in
an 1put signal;

a signal generating circuit configured to detect a direct-
current component of a signal that 1s obtained by shifting
frequencies of the input signal by a displacement equal
to the locked frequency, and to generate a signal that has
an amplitude responsive to the detected direct-current
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component and that has the same frequency and phase as
a signal component of the locked frequency of the input
signal; and

a subtraction circuit configured to subtract the signal gen-
erated by the signal generating circuit from the input
signal.

2. The signal processing circuit as claimed in claim 1,
wherein the PLL circuit supplies an oscillating signal having
the same frequency and phase as the signal component of the
locked frequency, and

wherein the signal generating circuit includes:

a first frequency shiit circuit configured to shift frequencies
of the input signal by a displacement equal to the locked
frequency;

a loop filter configured to recetve as an input thereof an
output of the frequency shift circuit; and

a second frequency shift circuit configured to shaft frequen-
cies of an output of the loop filter by a displacement
equal to the locked frequency based on the oscillating
signal.

3. The signal processing circuit as claimed in claim 1,

wherein the PLL circuit includes:

a numerically controlled oscillator configured to generate
an oscillating signal;

a third frequency shift circuit configured to shift frequen-
cies of the mput signal by a displacement equal to a
frequency of the oscillating signal; and

a loop filter configured to receive as an input thereof an
output of the third frequency shiit circuit,

wherein the numerically controlled oscillator 1s configured
to generate the oscillating signal having a frequency
responsive to an output of the loop filter.

4. The signal processing circuit as claimed in claim 1,
further comprising a frequency sweeper circuit configured to
control the numerically controlled oscillator to change the
frequency of the oscillating signal.

5. The signal processing circuit as claimed in claim 1,
turther comprising:

an automatic gain control circuit configured to control a
gain ol a received signal in response to a signal level of
the recerved signal;

a division circuit configured to divide the recerved signal
having the controlled gain by the gain to generate the
input signal; and

a multiplication circuit configured to multiply an output of
the subtraction circuit by the gain.

6. The signal processing circuit as claimed 1n claim 1,
comprising a plurality of spurious removal circuits each
including the PLL circuit, the signal generating circuit, and
the subtraction circuit, wherein the spurious removal circuits
are connected 1n series.

7. The signal processing circuit as claimed 1n claim 4,
comprising a plurality of spurious removal circuits each
including the PLL circuit, the signal generating circuit, and
the subtraction circuait,

wherein the spurious removal circuits are connected 1n
series, and the frequency sweeper circuit 1s connected to
one of the spurious removal circuits, and

wherein the frequency sweeper circuit and the one of the
spurious removal circuits detect a plurality of frequency
components that are to be removed by the spurious
removal circuits, respectively.

8. A signal processing method, comprising:

causing a PLL circuit to lock to a frequency contained 1n an
input signal;
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detecting a direct-current component of a signal that 1s
obtained by shifting frequencies of the mput signal by a
displacement equal to the locked frequency;

generating a signal that has an amplitude responsive to the
detected direct-current component and that has the same 5

frequency and phase as a signal component of the locked

frequency of the iput signal; and

subtracting the generated signal from the input signal.
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